Abstract-Premature ovarian insufficiency (POI) is a major complication of cytotoxic treatments due to extreme ovarian sensitivity to chemotherapy and radiation. In pediatric cancer patients modern therapy has improved the long-term survival to over 80% in the United States. However, these cancer survivors face long-term health problems related to treatment toxicity. In female cancer survivors POI leads to sterility, along with the consequences of estrogen deficiency such as premature osteopenia, muscle wasting, accelerated cardiovascular diseases and a vast array of other health and developmental problems. These long-lasting effects are particularly significant for young girls reaching puberty. As such, restoring ovarian endocrine function is paramount in this population. In the present study, we evaluated the feasibility of restoring ovarian endocrine function in ovariectomized mice by transplanting syngeneic and allogeneic ovarian tissue encapsulated in alginate capsules or TheraCyte Ò . Histological analysis of the implants retrieved after 7 and 30 days' post implantation showed follicular development up to the secondary and antral stages in both syngeneic and allogeneic implants. Implantation of syngeneic and allogeneic ovarian grafts encapsulated in TheraCyte devices restored ovarian endocrine function, which was confirmed by decreased serum FSH levels from 60 to 70 ng/mL in ovariectomized mice to 30-40 ng/mL 30 days after implantation. Absence of allo-MHC-specific IgG and IgM antibodies in the sera of implanted mice with allogeneic ovarian tissue encapsulated in TheraCyte indicate that the implants did not evoke an allo-immune response, while the allogeneic controls were rejected 21 days after implantation. Our results show that TheraCyte effectively isolates the graft from immune recognition but also supports follicular growth.
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INTRODUCTION
Premature ovarian insufficiency (POI) is a common outcome of cytotoxic treatments in pediatric cancer patients 9 affecting both fertility and endocrine ovarian function. Pediatric patients experience delayed puberty as well as side effects of artificial hormonal replacement. 10 Puberty is the most important physiological transformative event in girls' development after birth and it requires healthy ovaries to respond to the signals in the hypothalamus-pituitary-gonad axis. Pharmaceutical options involving increasing doses of estrogen followed with progesterone address some aspects of puberty, but are far from matching the physiological complexity of hormonal milieu during puberty and cause potentially significant side effects. 8 The lost ovarian endocrine function can be restored with fresh or cryopreserved and auto transplanted ovarian tissue. 20 Patient may also choose to save the autologous ovarian tissue for later to achieve live birth of biologically related offspring. Unfortunately, the cryopreserved ovarian tissue may carry the risk of reintroducing malignant cells harbored in the transplant, particularly in case of hematologic malignancies. 6, 18 Using donor ovarian tissue could avoid this risk; yet provide the physiological complex hormonal milieu needed during puberty. In the last two decades, the concept of allo-transplantation has been studied in donor pancreatic islets encapsulated in an immunoisolating device for treatment of Type 1 diabetes. 1, 16, 19, 25 An immuno-isolating device creates a barrier between the implanted allogeneic cells or tissue and the host and eliminates the need for systemic immunosuppression. 19 The requirements from an efficient immuno-isolation device are two-fold. First, it must provide a supportive environment for the implanted cells allowing sufficient diffusion of nutrients and oxygen. Second, the device must serve as a barrier between the host and the graft to prevent rejection caused by infiltration of the host immune cells. These goals can be achieved by using semisolid hydrogels, such as alginate 5, 24 encapsulating the graft, or durable pouches made of semipermeable membrane. 1, 4, 11, 22 In the present study, we tested two immuno-isolators, alginate and TheraCyte Ò , for their ability to support the survival and function of the ovarian tissue. Alginate is a naturally derived polysaccharide produced by brown algae. TheraCyte Ò is an FDA approved device made of polytetrafluoroethylene (PTFE) membrane, which is impermeable to cells but allows diffusion of soluble molecules through its 0.4 lm pores.
Ovarian follicles, the functional units of the ovary, have different physiology, growth pattern and nutritional demands compared to pancreatic islets. Yet, our knowledge of ovarian follicles suggests that the immuno-isolation approach can successfully protect and support the function of the allograft. To prove this hypothesis, we implanted encapsulated ovarian tissue in ovariectomized mice and assessed implant survival and function after implantation. We used syngeneic implants to study graft support and allogeneic grafts to study immunoisolation.
MATERIALS AND METHODS

Experimental Design
Cycling adult female mice (B6CBAF1) underwent bilateral ovariectomy to induce menopause. In the first part of the study, ovaries from syngeneic B6CBAF1 6-8 days old mice were encapsulated in alginate or TheraCyte and subcutaneously implanted in the adult ovariectomized mice for a period of 7 days (n = 9 mice for TheraCyte, n = 7 mice for alginate) and 30 days (n = 7 mice for TheraCyte, n = 9 mice for alginate). In the second part, ovaries from allogeneic BALB/c 6-8 days old mice were encapsulated in TheraCyte only, because alginate proved to be inferior, and then subcutaneously implanted in ovariectomized cycling adult female mice (C57BL/6) for 21 days (n = 4 recipient mice). In control group C57BL/6 mice (n = 2) were implanted with ovaries from 6 to 8 days old BALB/c mice without encapsulation for 28 days. The number of donor mice equals to the number of recipient mice, because each recipient mouse received 2 ovaries.
Ethics
The UCUCA guidelines for survival surgery in rodents and the UCUCA Policy on Analgesic Use in Animals Undergoing Surgery were followed for all the procedures. Animal experiments for this work were performed in accordance with the protocol approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Michigan (PRO00005750).
Ovariectomies in Recipient Mice
Bilateral ovariectomies were performed on adult female mice (B6CBAF1: syngeneic mice, C57BL/6: allogeneic mice) aged 12-16 weeks. The females were anesthetized by isoflurane. Preemptive analgesics were administered before the first cut was made. Using aseptic techniques and procedures, a midline incision was made in the abdominal wall. The intraperitoneal space was exposed with an abdomen retractor. The ovaries were removed and the remaining reproductive tract was gently reinserted into the body cavity. The muscle layer and the skin of the abdominal wall were closed with 5/0 absorbable sutures (AD Surgical, USA) in two separate layers. The animal was then placed in a clean warmed cage for recovery. Following recovery, the animal was housed in the animal facility. Mice received Carprofen (Rimadyl, Zoetis, USA) for analgesia for at least 48 h after surgery or as needed.
Collection of Donor Ovaries
Ovaries from 6 to 8 days old B6CBAF1 female pups genetically matching the receiving host were collected and transferred to Leibovitz L-15 media (Sigma-Aldrich, USA). The ovaries were dissected into 2-4 pieces and transferred in the maintenance media (a-MEM, Gibco, USA) in the CO 2 incubator for further manipulation. Similarly, ovaries from 6 to 8 days old BALB/c were used as donor ovarian tissue for allogeneic implants.
Ovarian Tissue Encapsulation in 1% Alginate
The ovarian pieces were encapsulated in 1% w/v alginate (Carrageenan, Xanthan, Alginate, Ingredients Solution, Inc., Waldo, ME, USA) and purified as de-scribed by Xu et al. 26 , dissolved in phosphate buffered saline (PBS; Gibco, USA). The ovarian tissue pieces were transferred to alginate solution and pipetted in 10 lL droplets of alginate into the cross-linking solution (50 mM CaCl 2 and 140 mM NaCl). The beads were allowed to crosslink for 5 min and after that the beads were transferred to maintenance media (a-MEM; Gibco), kept at 37°C and 5% CO 2 for 5-20 min awaiting implantation. Each bead contained ovarian tissue from one ovary, and each recipient received two alginate beads.
Ovary Encapsulation in TheraCyte
Ò
The port of the TheraCyte Ò (TheraCyte Inc., USA) was widened using a Hamilton syringe without compromising the integrity of the TheraCyte Ò wall. Using a mouth pipette, the ovarian pieces (3-4) were picked up in a pipette and inserted into the TheraCyte Ò (Fig. 1d) . To ensure that all the ovarian pieces were in the TheraCyte Ò , the transparent plastic port and the pipette were inspected under the stereo microscope. The long port tube was shortened and sealed by melting the plastic to prevent leakage of the ovarian pieces and invasion of the host cells. The loaded devices were placed in the maintenance media (a-MEM; Gibco), kept at 37°C and 5% CO 2 for 5-20 min awaiting implantation in mice. Each TheraCyte device contained ovarian tissue from two ovaries, and each recipient was implanted with one TheraCyte device.
Subcutaneous Transplantation
Briefly, a small incision was made on the dorsal side of the anesthetized mice and the immunoisolator (alginate or TheraCyte Ò ) containing the ovaries was implanted subcutaneously. The skin was then closed using 5/0 absorbable sutures. The mice were placed in a clean warmed cage for recovery and monitored post-operatively for 10 days. The mice received Carprofen for analgesia for at least 48 h after surgery or as needed. After transplantation, the mice were euthanized at pre-determined time points (7 and 30 days). Nine TheraCyte Ò in 9 mice and two alginate beads per mouse (7 mice) were implanted for 7 days; seven TheraCyte Ò in 7 mice and two alginate beads per mouse (9 mice) were implanted for 30 days.
Similarly, for allogeneic implantation, four TheraCyte Ò containing BALB/c ovaries were implanted subcutaneously in B6 mice for a period of 21 days. Ovaries from BALB/c mice without immunoisolation were implanted subcutaneously in immune competent B6 mice for 28 days as controls. 
Blood Collection for Hormone Analysis
Blood from the lateral tail vein was collected at set time points, up to 1% of the body weight of blood was taken in a 5 3/4 '' glass Pasteur pipette. At the time of sacrifice, blood was collected via cardiac puncture. All blood samples were kept at 4°C overnight, then centrifuged for 10 min, and the collected serum was stored at 220°C. The samples were analyzed for mouse FSH using radio-immunoassay (Ligand Assay and Analysis Core Facility, University of Virginia Center for Research in Reproduction). The core used mouse FSH reference preparation AFP5308D for assay standards and mouse FSH antiserum (guinea pig; AFP-1760191) diluted to a final concentration of 1:400,000 as primary antibody. The secondary antibody is purchased from Equitech-Bio, Inc. and diluted to a final concentration of 1:25. The assay has a sensitivity of 2.0 ng/mL, reportable range 3-75 ng/mL and less than 0.5% cross-reactivity with other pituitary hormones. The samples were diluted 5-10 fold when necessary.
Vaginal Cytology in the Allogeneic Group
The absence of estrous cycle after ovariectomies and the restoration of ovarian endocrine function were assessed with daily vaginal cytology. A persistent presence of leukocytes served as evidence for successful ovariectomy further confirmed with raised levels of follicular stimulating hormone (FSH). A cyclical and interchanging appearance of leukocytes, cornified epithelium and nucleated epithelial cells served as evidence for normal estrus cycle. The resumption of ovarian endocrine function was further confirmed with serum FSH levels.
Histological Analysis
Retrieved immunoisolating devices with encapsulated ovarian tissue in alginate or TheraCyte Ò were fixed in Bouin's fixative at 4°C overnight and transferred to 70% ethanol at 4°C. After processing, samples were embedded in paraffin, serially sectioned at 5 lm thickness, and stained with hematoxylin and eosin. Every sixth section was analyzed for the presence of primordial, primary, secondary and antral follicles.
Primordial follicles were characterized by one layer of squamous granulosa cells around the oocyte, primary follicles by a single layer of cuboidal granulosa cells, secondary follicles by two or more layers of granulosa cells, and antral follicles by the presence of an antral cavity. Follicular proportion was expressed as percentage of follicles in both alginate and TheraCyte implants.
Flow Cytometry
Measurements of serum allo-antibody titers were carried out by flow cytometry before and after implantation. Briefly, allogeneic thymocytes were incubated with serially diluted recipient serum. Antibody bound to the thymocytes were revealed by goat anti mouse IgG, FITC labeled, or goat anti-mouse IgM, PE-labeled. Titers were determined by the highest dilution that gives fluorescence detectable above background (non-immune serum-from a non-implanted mouse).
Statistics
Statistical analysis was performed using the R software. Analysis of follicular proportion was carried out with a v 2 test for proportions, and Welch TwoSample t-tests were used to evaluate changes in hormone levels. The results were considered statistically significant when p < 0.05. Non-parametric unpaired t test was carried out for the immunological study.
RESULTS
Macroscopic Evaluation of the Syngeneic Ovarian Grafts
Ovarian tissue was encapsulated in the center of the alginate bead (Fig. 1a) with the diameter of the bead measuring 5 mm and ovarian tissues 400 lm-1 mm. Upon retrieval 7 and 30 days after implantation, ovarian tissue was visible and macroscopically surrounded with alginate (Figs. 1b, 1c) . The encapsulating volume for TheraCyte Ò with tissue inside is 4 lL and the tissue is physically entrapped inside the PTFE membrane (Figs. 1e, 1f) . The physical properties of the outer membrane of TheraCyte promote non-specific adsorption of cells and blood vessel regrowth around the device. 2, 3 Indeed, at the retrieval, the TheraCyte device presented with visible capsule and blood vessel regrowth around the device (Figs. 1e, 1f) . Alginate, on the contrary, is an inert plant-derived biomaterial that does not actively promote interactions with animal cells. The retrieved alginate hydrogels showed weak attachment with the host tissues and were easily detached from the implantation site.
Histological Evaluation of Syngeneic Mice Ovarian Grafts Encapsulated and Implanted in Alginate and TheraCyte
The majority of the implanted alginate capsules (80% after 7 days and 90% after 30 days) disintegrated into smaller fragments of a hydrogel. As the result the alginate capsule no longer surrounded the encapsulated ovarian tissue. The fragments of alginate hydrogels were scattered around the partially engrafted ovarian tissue with the host. Only 20% of the alginate grafts maintained the initial integrity 7 days' post implantation where the encapsulated ovarian tissue was fully surrounded by the alginate capsule (Fig. 3f) .
The state of the alginate capsule (surrounded versus non-surrounded) affected follicle growth and development. In the majority of the cases the expanding ovarian tissue caused deformation and eventual failure of alginate capsule. In the non-surrounded grafts', the ovarian tissue contained multiple primordial follicles 7 days' post implantation and we did not observe necrotic regions (Figs. 2a and 2b ). In the non-surrounded grafts retrieved 30 days' post implantation the ovarian tissue expanded and contained multiple follicles at different development stages, including primordial, primary and antral follicles (Figs. 3a-3c) . On the contrary, in the 10-20% of the cases where the alginate capsule remained intact (e.g. surrounded) follicle growth and development were uneven (e.g. surrounded) and we identified only a small number of follicles in the grafts retrieved after 7 and 30 days' post implantation (Figs. 3d and 3e) . Notably, the core of the encapsulated tissue looks devoid of follicles and has abnormal stroma, while the outer layers that were closer to the host presented healthier tissue morphology, but with a decreased follicular density.
In contrast to ovarian tissue implants in alginate hydrogels, all the implants in TheraCyte Ò were completely surrounded by the device and tightly attached to the host. Multiple primordial and primary follicles were observed in the grafts retrieved after 7 days (Figs. 4a-4d) , and antral follicles appeared in the grafts retrieved after 30 days (Figs. 4e-4h) . No signs of necrosis were observed.
Follicular Development in Syngeneic Ovarian Grafts
Implanted in Alginate and TheraCyte Ò Serial paraffin sections were evaluated for follicular proportion in the retrieved alginate and TheraCyte Ò implants. Presence of healthy ovarian follicles and their distribution between different developmental stages of folliculogenesis following transplantation were subsequently investigated. The follicles observed after 7 and 30 days (Fig. 5a ) were classified according to Myers's criteria for mouse follicle classification. 15 The total number of follicles identified and counted in the surrounded alginate grafts was the lowest compared to other groups. 78 follicles were observed in surrounded alginate after 7 days and 7 follicles were observed after 30 days. The distribution of the stages after 7 days was 42.8% primordial, 28.6% primary and 28.6% secondary follicles; and after 30 days the distribution of the follicles in the grafts was 12.8% primordial follicles, 84.6% primary follicles and 2.6% secondary follicles.
The greatest number of follicles was found after 7 days in the non-surrounded alginate: 684 follicles with a distribution of 26.6% primordial follicles, 60.7% primary follicles, and 12.7% secondary follicles. However, the total follicle number decreased significantly after 30 days' post transplantation: 269 follicles with a distribution of 8.2% primordial follicles, 47.6% primary follicles, 36.8% secondary and 7.4% antral follicles.
Because of the difficulties associated with the sectioning of TheraCyte FIGURE 4. Healthy primordial (*), primary (**) and secondary (***) follicles observed after implantation of syngeneic ovarian tissue pieces encapsulated in TheraCyteÒ (T) for 7-day period (a2d) and 30-day period (e2h). The ovarian tissue is tightly surrounded by the device and no interaction with the host tissue was observed.
portion of sections from the implanted devices. We counted only 88 and 105 follicles after 7 and 30 days, which underestimates the total number of the follicles present in the grafts. We evaluated the distribution of the follicles at various developmental stages by evaluating the recovered sections. The distribution of the follicle stages after 7 days was 72.8% primordial follicles, 13.6% primary follicles, and 13.6% secondary follicles. The distribution of the follicle stages after 30 days of implantation in TheraCyte Ò was 41.0% primordial, 36.1% primary, 21.0% secondary and 1.9% antral follicles (Fig. 5a) .
The proportion of follicle stages was not significantly different between 7-day non-surrounded alginate and 7-day TheraCyte Ò (p = 0.774) and 30-day non-surrounded alginate and 30-day TheraCyte Ò (p = 0.958). At the time of retrieval, new blood vessels were clearly observed around the TheraCyte Ò at both 7 and 30 days of implantation.
Endocrine Function in Mice Implanted with Syngeneic Grafts
We measured serum FSH levels before ovariectomy to establish the baseline levels in mice with functioning ovaries, two weeks' post ovariectomy to ensure complete removal of gonads, and 7 and 30 days after implantation of ovarian tissue encapsulated in alginate or TheraCyte Ò . The serum levels of FSH in all healthy mice prior to ovariectomy (n = 32) measured at or below 10 ng/mL. The FSH levels increased after bilateral ovariectomy to 60-70 ng/mL, which confirmed that the mice were completely ovariectomized. The decrease in the serum levels of FSH after implantation of ovarian tissue in alginate was not statistically significant compared to pre-implantation levels. The levels of FSH decreased from 70 to 51 ng/ mL after 30 days (p = 0.058), which indicates that the amount of estradiol that reached the circulation from the implanted ovarian tissue was not sufficient to restore the negative feedback in the HPG axis. Whereas for TheraCyte Ò implants, FSH levels significantly decreased from an average of 62 to 37 ng/mL (p = 0.03) 30 days' post implantation (Fig. 5b) . However, FSH levels were still greater in the TheraCyte group after 30 days compared to the levels observed before ovariectomy.
Endocrine Function and Histological Evaluation of Allogeneic Grafts Implanted in TheraCyte
The allogeneic ovarian tissue encapsulated in TheraCyte Ò and implanted in immune-competent B6 ovariectomized females for 21 days contained healthy primary and secondary follicles (Fig. 6d) . The presence of healthy ovarian tissue was further confirmed with the serum levels of FSH at 34.06 ng/mL. We performed daily vaginal smears in mice implanted with allogeneic ovarian tissue encapsulated in TheraCyte beginning at day 7 post implantation till the retrieval of the implant at 21 days. Three out of four mice (75%) exhibited resumption of estrus activity as indicated by the transition from diestrus to the other stages of the cycle after implantation of TheraCyte in the allogeneic group. The mice had 2 cycles from first estrus appearing on day 14. One mouse exhibited one estrus followed by diestrus till the day of sacrifice. Control mice, which were implanted with allogeneic tissue with no device, rejected the tissue. Figure 6b shows the absence of functional ovarian tissue with no surviving follicles and abundant mononuclear cell infiltrates consistent with cellular mediated graft rejection.
Sensitization of the Host by the Implanted Allogeneic Ovarian Tissue
Flow cytometry analysis of allogeneic antibodies produced in the sera of control recipients transplanted with allogeneic ovarian tissue without immuno-isolating device revealed a strong allo-specific IgG response (MFI = 717) indicative of sensitization at 21 days after transplantation (Fig. 7) . Figure 7 shows that mice transplanted with ovarian tissue enclosed within the TheraCyte have no allo-specific IgG (MFI = 39-51) in the blood, and thus are not sensitized 21 days after transplantation. This finding is consistent with an immune-isolating function of the TheraCyte device. IgGIgM levels at day 21 was not significant to the IgG-IgM levels observed before transplantation (p = 0.4857).
DISCUSSION
In this work, we studied two immuno-isolating devices, alginate and TheraCyte Ò , for their ability to support and protect ovarian grafts. In the past, alginate and TheraCyte Ò were used for encapsulation of allogeneic pancreatic islet transplants for restoring glucose levels in animal diabetic models. 24, 27 Here we report the first application of these devices for restoring ovarian endocrine function in ovariectomized mice. First, we used a syngeneic mouse model to test whether alginate and TheraCyte provide a supportive environment for the encapsulated and implanted ovarian follicles by allowing diffusion of nutrients and tissue expansion. Second, TheraCyte that proved more successful in supporting graft survival, was tested in an allogeneic model for its ability to serve as a barrier between the host and the graft. Immuno-isolating devices such as TheraCyte, prevent rejection by blocking antigens leaking from the graft and sensitization, and/ or the infiltration of the effector host immune cells. Overall, only a device that supports growth and development of ovarian tissue and prevents rejection can potentially assist in restoring lost ovarian function through allogeneic transplant. Previously 13 reported that alginate supports the development of the encapsulated cortical ovarian tissue. They concluded that early follicular development of human follicles requires the support of native ovarian cortex. The inert but biomimetic nature of alginate makes it a strong candidate as supportive matrix for both ovarian follicle culture in vitro and transplantation in vivo. Alginate has been used to create artificial ovaries in a murine model 23 where autologous isolated preantral follicles developed to antral stages. Alginate also proved to prevent rejection of islets in allogeneic mice model, 24, 27, 28 and thus presented a compelling choice for ovarian tissue. An important distinction between ovarian tissue and islets is that ovarian follicles expand hundred-fold during folliculogenesis. While alginate supports the follicular development of isolated follicles in vivo 23 as well as in vitro, 12, 17, 21 in this study we found that the pressure exerted by the ovarian tissue with multiple growing follicles during the developmental phase seems to challenge the integrity of the alginate. The release of divalent ions in the environment resulting in the degradation of alginate hydrogels, 14 may be another contributing factor which could compromise the longterm mechanical properties and immunoisolation efficiency of the hydrogel. Furthermore, alginate hydrogels used in the current study were not viscoelastic in nature. A study by Zhao et al. 30 has shown that alginate gels with ionic crosslinks behave more like a plastic, hence these ionically crosslinked alginate gels are prone to breaking compared to those formed with covalent bonds and capable of elastic deformation. We observed that after in vivo implantation, the majority of alginate gels were not able to maintain their structural integrity, and disintegrated under the pressure of the encapsulated expanding ovarian tissue. As a result, the implanted ovarian tissue escaped from the alginate capsule and attached to the host tissue. On the other hand, in the alginate hydrogels that maintained the integrity during the experiment, e.g. surrounded, we observed significantly smaller numbers of follicles compared to the disintegrated alginate beads and the encapsulated tissue appeared necrotic. Lastly, the levels of FSH in the mice that received alginate transplants did not decrease significantly compared to ovariectomized mice 30 days' post implantation. This indicates that the number of surviving follicles was not sufficient to initiate negative feedback of the HPG axis. A small number of surviving follicles in fully encapsulated alginate beads indicates that, in contrast to islets, alginate is a less suitable candidate to be used for encapsulation of ovarian tissue due to its restrictive impact on growth and expansion of the ovarian tissue followed with eventual failure of the isolating layer. While syngeneic implant benefited from receiving blood supply, exposure of allogeneic tissue leads to immune rejection. Thus it is reasonable to suggest that in allogeneic model alginate will not provide sufficient shielding from the immune system and the grafts will be rejected. On the other hand, syngeneic ovarian tissue encapsulated in TheraCyte Ò maintained physical integrity, which was confirmed histologically in the sections of the retrieved grafts. The ovarian tissue inside the device was viable, with no signs of necrosis and contained multiple follicles at different developmental stages. Most importantly, the serum FSH levels decreased after the implantation of ovarian tissue in TheraCyte Ò and were significantly lower than the levels after ovariectomy, which demonstrates that the ovarian tissue in the device responded to the circulating gonadotropins.
Allogeneic ovary tissue transplantation was previously attempted by Donnez et al. 7 who reported restoration of ovarian function after allografting ovarian tissue between genetically non-identical sisters. In all these cases the recipient had received bonemarrow from her human leucocyte antigen (HLA)-compatible sister and was not administered immunosuppression. The implanted ovarian tissue functioned for a year. Since bone marrow transplantation is a high-risk procedure and may not be feasible for non-HLA compatible individuals, as it would require immunosuppression for extended function of the implanted tissue, a fundamental advance in the field would be to determine the means to avoid immunemediated destruction of ovary allografts.
After confirming that syngeneic ovarian tissue encapsulated in TheraCyte remained viable and functioning, we investigated whether TheraCyte is able to sustain the function of allogeneic ovarian tissue. The mechanism of immuno-isolation provided by TheraCyte could be either creating a site of immune-privilege blocking sensitization of the host or blocking immune effectors from reaching the graft, or both. The absence of allo-specific IgG in the host sera confirmed that encapsulated ovarian tissue within the TheraCyte did not sensitize the host. In contrast to the non-encapsulated allograft control, TheraCyte enclosed ovarian allografts restored ovarian endocrine function, confirmed by the transition of stages observed during vaginal cytology, presumably through estrogen restoration, and revealed healthy ovarian tissue in biopsy. These results suggest absence of immune-mediated rejection. How long absence of sensitization lasts will be addressed by long term implantations to determine the feasibility of TheraCyte to sustain long-lived function of ovarian tissue allografts.
Our study is the first step to evaluate the concept of immuno-isolation for restoring ovarian endocrine function in females with premature ovarian failure. It is our goal to develop the means to maintain implants beyond 30 days to determine whether the implants with ovarian tissue rich in primordial follicles (including allografts) are a viable option for long-term restoration of ovarian endocrine function. Our results suggest that the TheraCyte type devices can successfully support the function of allografts and avoid immune sensitization of the host.
Furthermore, a study by Zhang et al. 29 reported the use of alginate-chitosan-alginate (ACA) shell for cell encapsulation which has shown to reduce inflammatory and immune responses. Yet for the purpose of implantation of ovarian tissue this approach may not address the brittleness of alginate beads around the expanding ovarian follicles.
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